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ABSTRACT 

Context. The majority of the observed planetary nebulae exhibit elliptical or bipolar structures. Recent observations have shown that 
asymmetries already start during the last stages of the AGB phase. Theoretical modeling has indicated that magnetically collimated 
jets may be responsible for the formation of the non-spherical planetary nebulae. Direct measurement of the magnetic field of evolved 
stars is possible using polarization observations of different maser species occurring in the circumstellar envelopes around these stars. 
Aims. The aim of this project is to measure the Zeeman splitting caused by the magnetic field in the OH and H 2 maser regions 
occurring in the circumstellar envelope and bipolar outflow of the evolved star W43A. We compare the magnetic field obtained in the 
OH maser region with the one measured in the H 2 maser jet. 

Methods. We used the UK Multi-Element Radio Linked Interferometer Network (MERLIN) to observe the polarization of the OH 
masers in the circumstellar envelope of W43A. Likewise, we used the Green Bank Telescope (GBT) observations to measure the 
magnetic field strength obtained previously in the H^O maser jet. 

Results. We report a measured magnetic field of approximately 100 /jG in the OH maser region of the circumstellar envelope around 
W43A. The GBT observations reveal a magnetic field strength By of ~30 mG changing sign across the H 2 masers at the tip of the 
red-shifted lobe of the bipolar outflow. We also find that the OH maser shell shows no sign of non-spherical expansion and that it 
probably has an expansion velocity that is typical for the shells of regular OH/IR stars. 

Conclusions. The GBT observations confirm that the magnetic field collimates the H 2 maser jet, while the OH maser observations 
show that a strong large scale magnetic field is present in the envelope surrounding the W43A central star. The magnetic field in 
the OH maser envelope is consistent with the one extrapolated from the HiO measurements, confirming that magnetic fields play an 
important role in the entire circumstellar environment of W43A. 
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1. Introduction 

At the end of their evolution, low mass stars undergo a period 
of high mass loss (M oc 10~ 4 - 10~ 7 M Q /yr) that is important 
for enriching the interstellar medium with processed molecules. 
During this stage the star climbs up the asymptotic giant branch 
(AGB) in the Hertzsprung-Russell (H-R) diagram. AGB stars ar e 
generally observed to be spherically symmetric (Griffin 2004I) . 
However, planetary nebulae (PNe), supposedly formed out of 
the ejected outer envelopes of AGB stars, often show large de- 
partures from spherical symmetry. The origin and development 
of these asymmetries is not clearly understood. Observations of 
collimated jets and outflows of material in a number of PNe have 



been reported (e.g 


Sahai & Traugeg 1 1998]. Miranda et alj|200lt 


lAlcolea et all 2001 


). ISahai & Traugetj dl998b propose that the 



precession of these jets is responsible for the observed asymme- 
tries. These jets are likely formed when the sta r leaves the AGB 
and undergoes a transition to become a PN ( e . g . ISahai & Traugeti 
Il998tllmai et1dl2002tlMiranda et al.ll200ll) . 



Magnetic fields can play an important role in shaping the 
circumstellar envelope (CSE) of evolved stars and can produce 
asymmetries during the transition from a spherical symmetric 
star into a non-spherical PN. They are als o possible agents for 
collim ating the jets around these sources dGarcia-Segura et all 
120051) . It is not clear how stars can maintain a significant mag- 
netic field throughout the giant phases, as the drag of a large 
scale magnetic field would brake any stellar dynamo if no ad- 



ditional source of angular momentum is present (e.g. ISoketj 
1 1998b . However, theoretical models have shown that AGB stars 
can generate the magnetic field through a dynamo interac- 
tion be tween the fast rotating core and the slow rotating en- 
velope dBlackman et al.ll2001l) Alternatively, the presence of a 
heavy planet or a binary companion as the additional source 
of angular momentum c an maintain the magnetic field (e.g. 
iFrank & Blackmanll2004l) . 

Polarization observations of different maser species in the 
CSE of these stars provide a unique tool for understanding 
the role of the magnetic field in the process of jet collima- 
tion. Strong magnetic fields have been observed throughout the 
entire CSE of these star s for different molecular species (e.g. 
l Etoka & Diamond! l2004t IVlemmings et alj l2006t iHerpin et all 
120061 using OH, H2O and SiO masers, respectively). 

iLikkel et al.l d 1992b introduced a separate class of post- AGB 
sources where H2O maser velocity range exceeds that of OH 
maser in the CSE. High resolution H2O maser observations 
trace highly collimated jets in the inner envelopes of these ob- 
jects. These objects, the so-called water fountain sources, are 
thought to be in the transition stage to PNe. An archetype of 
this class is W43A, loca ted at a distance of 2.6 kpc from the 
sun dDiamond et al.|[l985l) . for which the H2O masers have been 
shown to occu r at the tips of a strongly collimated and precess- 
ing bipolar jet dlmai et alj2002l) . Polarization observations of the 
H2O masers of W4 3A reveal a strong mag netic field apparently 
collimating the jet (Vlemmin gs et al.ll2006l) . 
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Here we describe observations of the Zeeman splitting of OH 
masers in the CSE and H2O masers in the jet of W43 A. Our aim 
is to investigate the magnetic field strength and morphology in 
the low density region of the CSE of this object, which is in tran- 
sition to become a PN and confirm the magnetic field in the H2O 
maser jet. The observations are described in ^2] and the results 
of the observed spectra and the measured Zeeman splitting are 
presented in $3] The results are discussed in $4] where we in- 
vestigate the observed Zeeman splitting and the significance of 
other non-Zeeman effects. This is followed by conclusions in §|5] 

2. OBSERVATIONS AND DATA ANALYSIS 

2.1. MERLIN Observations 

We used the UK Multi-Element Radio Linked Interferometer 
Network (MERLIN) on 4 June 2007 to observe the 1612 MHz 
OH masers of the evolved star W43A. We included the Lovel 
telescope to achieve a higher sensitivity in this experiment. The 
longest baseline (217 km) resulted in a beam size of 0.3 x 
0.2 arcsec. The observations were performed in full polariza- 
tion spectral line mode with the maximum possible 256 spec- 
tral channels and a bandwidth of 0.25 MHz, covering a velocity 
width of 44 km/s, this gives a channel width of 0.2 km/s. 

The observations of W43A were interleaved with observa- 
tions of the phase reference source, 1904+013, in wide-band 
mode in order to obtain an optimal signal-to-noise-ratio. 3C286 
was observed as primary flux calibrator and polarization angle 
calibrator. 3C84 was observed both in narrow band and wide 
band modes in order to apply band pass calibration and a phase 
offset correction. The full track of observations of W43A was 10 
hours. 

We performed the initial processing of the raw MERLIN data 
and conversion to FITS using the local d-programs at Jodrell 
Bank. The flux density of the amplitude calibrator, 3C84, was 
determined using the flux density of the primary flux calibra- 
tor, 3C286; we obtained a flux density of 18.94 Jy for 3C84. The 
rest of the calibration, editing and reduction of the data were per- 
formed in the Astronomical Image Processing Software Package 
( AIPS). Since the wide and narrow band data cover different fre- 
quency ranges and use different electronics, there may be a phase 
offset between the wide-band and narrow-band data; this offset 
was measured using the difference in phase solutions for 3C84 
and was applied to correct the phase solutions from the phase ref- 
erence source. The phase reference source, 1904+013, was used 
to obtain phase and amplitude solutions, which were applied to 
the target data set. The polarization calibration for leakage was 
done using 3C84, and the R and L phase offset corrections were 
performed on 3C286. Image cubes were created for stokes I, Q, 
U and V. The resulting noise in the emission free channels was 
6.5 mJy/Beam. For the brightest feature we are limited to a dy- 
namic range of ~650. A linearly polarized data cube was made 
using the stokes Q and U. 

2.2. GBT Observations 

The observations of the H2O masers in the bipolar outflow of 
W43A were carried out at the NRACQ GBT at Oct 14 2006 as 
part of a project aimed at detecting additional water fountain 
sources. At 22.2 GHz the full-width at half maximum (FWHM) 



1 The National Radio Astronomy Observatory (NRAO) is a facility of 
the National Science Foundation operated under cooperative agreement 
by Associated Universities, Inc. 



beamwidth of the GBT is ~ 33", while the H2O maser emission 
is located within ~ 1". The GBT spectrometer was used with a 
bandwidth of 200 MHz and 16,384 spectral channels, providing 
a channel spacing of 0.164 km/s and a total velocity coverage of 
2700 km/s, centered on Vlsr = 34 km/s. Furthermore, the data 
were taken with the dual-polarization receiver of the lower K- 
band using the total power nod observing mode. The two beams 
have a fixed separation of 178.8" in the azimuth direction and a 
cycle time of 2 minutes was sufficient to correct for atmospheric 
variations. As a result, one beam of the telescope was always 
pointing at the source while the other beam was used for baseline 
correction. As W43 A was only observed as a test for the spectral 
line setup, the total on source observing time was just 6 minutes. 
Pointing and focus observations were done on J0958+655. This 
source, and 3C286, were also used as flux calibrator, providing 
flux calibration accurate to ~ 10%. For data reduction we used 
the GBT IDT_Q software package. The total intensity spectrum of 
the W43A H2O masers from these observations is shown in Fig. 

m 

2.3. Determining Zeeman Splitting 

The Zeeman effect causes a velocity shift between the left circu- 
lar polarization (LCP) and the right circular polarization (RCP) 
spectra. For OH masers the separation is often larger than the 
line width, but for the H2O mol ecule the splitt i ng is small. The 
cross-correlation introduced by iModiaz et all (120051) is an ef- 
fective technique for measuring the Zeeman splitting without 
forming the stokes V spectrum. In this method, the RCP and 
LCP spectra are cross-correlated to determine the velocity offset. 
This method can even work for complex spectra, assuming that 
the velocity offset is the same over the spectrum; which means 
the magnetic field strength and direction is constant in the mas- 
ing region. The sensitivity of this method is comparable to the 
S -curve method, where the stokes V s pectrum is directly used 
for measuring the mag netic field (e.g. IVlemmings et al.ll200lt 
iFiebig & Guestenl 1989b . but has the advantage of being less sus- 
ceptible to calibration errors in the RCP and LCP absolute flux 
level determination. 

3. Results 

Fig. Q] shows the spectrum of the OH and H2O maser regions 
of W43A obtained from MERLIN and GBT observations, re- 
spectively. For W43A, the velocity range for the OH (27 to 43 
km/s) is much less than for H2O (-53 to 126 km/s). The figure 
illustrates the water fountain nature of this source where H2O 
masers occur outside the OH maser region in a much larger ve- 
locity ran ge. The W43A OH masers have previously been ob- 
served bv lBowersI {T978) with a bandwidth of ~ 400 km/s, who 
reported the OH emission to be confined to a similar velocity 
range. 

The OH velocity profiles of the integrated flux of each chan- 
nel in the I (total intensity), V (circular polarization) and P (lin- 
ear polarization intensity) data are shown in Figure|2] The bright- 
est peak is red-shifted and the blue-shifted peak has a much 
lower brightness; only ~ 3% of the red-shifted brightness. There 
is little emission detected between the two peaks. Most of the 
emission in the total intensity profile was also detected in the 
linear and circular polarization spectra. For the circular and lin- 
ear polarization profiles, the emission is dominated by the red- 
shifted peak. The peaks in the polarization intensity and circular 

2 http ://gbtidl . sourcef orge. net 
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Fig. 1: The OH and HjO maser spectra of W43A. The blue curve is 
the MERLIN 1612 MHz OH maser emission spectrum which is shifted 
upward by 2 Jy for the purpose of illustration. The black curve is the 
HjO maser emission at 22 GHz obtained from GBT observations. 




Fig. 2: The 1612 MHz spectra for total intensity (I), linear polarization 
(P) and circular polarization (V) data. 
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Fig. 3: The OH maser region of W43A. The offset positions are with re- 
spect to the maser reference feature. The maser spots are col-our-coded 
according to radial velocity. The vectors show the polarization angles, 
scaled logarithmically according to the linear polarization fraction mi 
(TableU}- 
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Fig. 4: Spatial distribution of OH and H2O maser features. The offset 
positions are with respect to the maser reference feature. HnO maser 
features are indicated by filled circles. OH maser features are shown 
as triangles. Red and blue colors show the red-shifted and blue-shifted 
features. 



polarization spectra are 10% linearly and 12% circularly polar- 
ized. 

Using the AIPS task SAD, OH maser features with peaks 
higher than three times the rms noise in the emission free chan- 
nel were identified and fitted with a Gaussian in the total inten- 
sity image cube; the results of which are shown in Table [TJ The 
maser line width for each feature (Av/), was obtained by fitting 
a Gaussian distribution to the I spectra. The Zeeman splitting ( 
Av.) is the velocity shift between the right and left circular po- 
larizations for each maser feature obtained from the cross cor- 
relation method. B is the value of magnetic field measured by 
converting the velocity splitting into the magnetic field strength 
using the Zeeman splitting coefficie nt of the OH m aser line taken 
from the literature (236 km s _1 G ^ lDaviesll 19741) . The errors in 
field determination and Zeeman splitting depend on the rms in 
the channels with bright emission. As the noise in channels with 
bright emission increases by a factor of ~5, we have conserva- 
tively determined the errors by the increased rms in the chan- 
nels with strong maser signal. The robustness of the errors de- 
termined from this against measurement uncertainties has been 



discussed in depth by iModiaz et al.l (120051) . The fractional lin- 
ear (m;) and circular (m f ) polarizations were obtained from the 
polarization intensity and circular polarization spectra and^- de- 
notes the polarization angle. 

Fig. [3] shows the OH maser spots (red-shifted and blue- 
shifted). The OH maser features detected for W43A are color 
coded according to their radial velocity (TableQ]i. The vectors in- 
dicate the polarization angle scaled logarithmically according to 
fractional linear polarization. The weighted average of the red- 
shifted vectors is — 6.4° while the polarization angle for the 
blue-shifted feature is -44 °. 

For illustration, following Fig. 2 of llmai et alj d2002l) . Fig. [4] 
shows the spatial distribution of the O H maser features of W43 A 
together with H2O maser positions dVlemmings et alj 120061) . 
Since no accurate astrometry was available for H2O masers, the 
maps were aligned on the respective centers of the maser distri- 
bution. 
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Table 1: OH maser Results 



4. Discussion 

4.1. OH maser polarization 

The linear and circular polarization that we measure (as illus- 
trated in Table 1), is consis tent with marginal detec tions reported 
from earlier observations dWilson & Barrettlll972l) . They found 
4 ± 2% linear polarization for the masers at -40.5 km/s, with 
a polarization angle of 10±20 degrees. This is consistent with 
our finding of 0.8-3.2% linear polarization and an average po- 
larization angle of — 7 degrees for the masers around that veloc- 
ity. Additionally, they measured a peak circular polarization of 
30 + 10% at ~ 39 km/s, decreasing to 10+5% towards 40 km/s, 
which is consistent with our observations. 

The Zeeman splitting for the OH is larger than that for H2O. 
The split energy is determined by the following equation: 

AW = -HogmpB. (1) 
For the OH molecule /Uo is the Bohr magneton (/jb = 577)' an d 
for the H2O molecule /iq is the Nuclear magneton (/U/v = y^-). 
As the Bohr magneton is almost 3 orders of magnitudes larger 
than the Nuclear magneton, the OH Zeeman splitting is corre- 
spondingly larger. However, the observed Zeeman splitting in 
the OH maser region of W43A is considerably still less than 
the maser line width by a factor of 50 (Table [TJ. We obtained 
an average magnetic field of 100 G in the OH maser re- 
gion of W43A, using the cross correlation between the LCP 
and RCP spectra. The measured magnetic field is an order of 
magnitude lower t han those often found in OH maser regions o f 
evolved s tars (e.g. Utoka & Diamond! l2004t iBains et alj|2003l) . 
However, IZell & Fixl (119911) reported magnetic field on micro- 
gauss level in the envelopes of a number of OH/IR stars. They 
also argue that there is convincing evidence that the smoothness 
of the line profile is consistent with models in which there are 
a few thousand individual emitting elements, with 5 or 10 in- 
dividual elements within the spectral resolution. This implies 
that the spectral blending could decrease the observed polar- 
ization by as much as a factor of 2-3. Likewise, a compar- 
ison between high- and low spatial resolution circular polar- 
ization observations of other maser species also indicates that 
the blending of maser features typically decreases the magnetic 
field measured at low angular resolution by a factor of 2 (e.g. 
ISarma et al.l2001l) . Interferometric observations with higher spa- 
tial and spectral resolution are required to explore this effect fur- 
ther. Unfortunately, many of the masers may be resolved out 
due to their extended structure. Alternatively, OH polarization 
could originate from non-Zeeman effects. Although our mea- 
sured magnetic field strength is similar to wha t is reported re- 
ported in OH/IR envelopes (Ze ll & Fixl 1 199 lb . we investigate 
below to what level these effects could be contributing to our 
polarization measurements. 



4.1.1. Non-Zeeman effects 

A possible source of intensity dependent circular polarization 
occurs because of the rotati on of the axis of symmet ry for 
the molecular quantum states dNedoluha & Watsonlll994l) . This 
stems from the competition between the magnetic field (B) and 
the rate of stimulated emission (R). While gQ > R, the magnetic 
field is the quantization axis. However, as the maser saturates and 
the rate of stimulated emission becomes larger, the molecule in- 
teracts more strongly with the stimulated emission and the axis 
of the symmetry of the molecule changes toward the direction of 
the maser beam. For the 1612 MHz O H maser the Zeeman split- 
ting is 1.308 MHz G 1 dDavieslll974l) . For a magnetic field of B 
> 10 fiG, the Zeeman frequency shift becomes gQ > 13.08 s _1 . 
The rate of stimulated emission is: 

R = A K T b AQ / 4 n h v. (2) 

Here A is the Einstein coefficient for maser transition which 
is 1.3 x 10" s~ l fo r the 1612 MHz OH maser emission 
(iDestombes et al.lll977l) . K and h are the Boltzmann and Planck 
constants respectively. Tb denotes the brightness temperature 
an d for the 1612 MHz OH maser the maximum value is 10 11 
K (lReid&Moranlll98ll) . AQ is the maser beaming angle. For 
a typical angle of 10~ 2 sr, the maser stimulated emission rate 
becomes 0.013 s . Therefore, even for the largest value of R, 
the Zeeman frequency shift (gQ) is higher than the stimulated 
emission rate. The imposed change of the symmetry axis due to 
stimulated emission can thus not explain the circular polariza- 
tion observed in the OH maser region of W43 A. 

Alternatively, the propagation of a strong linear polar- 
ization can create circular polarization if the magnetic field 
orientation changes al ong the maser propagation direction 
dWieb e & Watson 1998). In the unsaturated regime with a frac- 
tional linear polarization up to 50%, the generated circular po- 
larization is when the magnetic field rotates 1 rad along the 
maser path. In this case, the linear polarization fraction observed 
in the OH maser region of W43A (m/ ~ 10 %), implies a gener- 
ated circular polarization (m f < 0.25 %), which is much less than 
the measured circular polarization. Thus it is highly unlikely that 
the observed circular polarization is created in this way in the 
OH shell of W43A. 

Thirdly, iFish & Reidl (120061) discuss an observational effect 
which may generate velocity shift between RCP and LCP in the 
presence of a large linear polarization fraction, which could be 
falsely attributed to Zeeman splitting. They consider an extreme 
case where the emission is right elliptically polarized. The lin- 
early polarized flux will only appear in the LCP receiver and 
the RCP receiver picks up all the emission including linear and 
circular polarizations. If the magnetic field orientation changes 
along the amplification path, the linear polarization component 
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may be shifted in velocity with respect to the circular polarized 
component. This offset will manifest itself as a velocity shift be- 
tween the RCP and LCP spectra. However, in the case of the OH 
emission region of W43A the RCP and LCP are at the same in- 
tensity level which means that both contain linear and circular 
polarizations. Therefore, this effect is unlikely to be at work. 

Finally, to investigate the effect of instrumental polariza- 
tion on the measured magnetic field, we imaged the unpolar- 
ized source, 3C84, in all polarization states and obtained the 
fractional linear and circular polarization which may account as 
leakage. 3C84 is regularly used as VLA/VLBA/MERLIN polar- 
ization calibrator, and is known to be unpolarized. Our results 
indicate a limit of 3% linear and 1% circular instrumental polar- 
ization. The relative low level of instrumental polarization could 
therefore not generate the observed circular polarization of 12% 
in the OH maser region of W43 A. However, we can not formally 
rule out instrumental polarization as the cause of the linear polar- 
ization observed for any of the maser features other than feature 
8. 

4.2. H 2 maser polarization 

The magnetic field on the red-shifted H2O masers of W43 A was 
detected using the cross-correlation method that was also used 
to measure the magnetic field in the OH maser region. To dis- 
tinguish between separate spectral features, we specifical l y used 
the 'running' average method described in IVlemmingsl d2008l) 
over 3 km/s intervals. We detect a magnetic field strength B\\ 
changing sign from 31+8 mG to -24 ± 7 mG across the red- 
shifted maser region (Fig. [5j. This is approximately a factor 
of two lower than the mag netic field measured on blue-shifted 
masers using the VLB A dVlemmings et al.l 120061) . However, 
blending of the maser features will decrease the magnetic field 
measured with low angular resolution and small differences of 
the pre-shock density, pre-shock magnetic field, or the shock 
velocity at blue and red-shifted tips of the jet will also affect 
magn etic field strength in the shock compressed H2O maser re- 
gion (lElitzur et al.lll989h . The measurements are thus in good 
agreement with the previously published results. Additionally, 
the sign reversal seen across the maser provides additional sup- 
port for the proposed jet collimation by a toroidal magnetic field 
as we would expect the magnetic field to change sign on either 
side of the jet. 

4.3. The role of the magnetic field 

Taking into account all the possible effects which may contribute 
to the velocity offset between RCP and LCP, we found no sig- 
nificant effect other than Zeeman splitting that could explain the 
observed circular polarization of the OH maser of W43A. We 
conclude that the observed circular polarization has a Zeeman 
origin and implies the OH maser region contains a large scale 
magnetic field of B ~ 100 fiG. 

IVlemmings et al.l (120061) observed the H2O maser region of 
W43A at 22 GHz and measured a magnetic field of 85+33 mG in 
the blue-shifted region. Our GBT observations reveal magnetic 
field strength B\\ changing sign from 31 ± 8 mG to -24 ± 7 mG 
across the red-shifted H2O masers. The magnetic field mea- 
sured from the GBT ob servations confirms previous results by 
IVlemmings et alJ ((2006) that the magnetic field has a role in col- 
limating the jet of W43A. H2O masers occur in gas with a hydro- 
gen number density of n w 10 8 - 10 10 cm ~ 3 and OH is ex cited in 
gas with a hydrogen number density of 10 4 - 10 6 crrT 3 dElitzurl 
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Fig. 5: Bottom panel: The total intensity spectrum of the red-shifted 
Hi O masers ofW43A obtained from the GBT obsewations. The top fig- 
ure shows the magnetic field strength measured for the red-shifted part 
of the spectrum. 



11992b . Two different scenarios for H2O masers in W43A exist. 
One possibility is that the masers occur at the tips of the jet, 
when the jet has swept up enough material previously ejected 
from the stellar atmosphere. The jet occurs at the distance of 
1000 AU from the central star traced by H2O maser observa- 
tions and the ty pical hydrogen density at the distance of 1000 
AU is 10 5 crrT 3 (IVlemmings et alj|2006l) . Therefore, the density 
must increase by three orders of magnitude at the tips of the jet 
so that the conditions become appropriate for H2O maser exci- 
tation. Since the magnetic field strength depends on the density 
of the material (B oc n k , with magnetic field measurements in 
star forming regions implying k~0.5), the extrapolation of mag- 
netic field outside the jet implies the value of B a 0.9-2.6 mG in 
the OH maser region dVlemmings et al.ll2006l) . Alternatively, the 
masers can occur in a shock between the collimated jet and the 
dense material outside the CSE, similar to the H2O masers oc- 
curring in star forming regions (lElitzur etal.lll989h . Then, the 
pre-shock magnetic field extrapolated from the H2O observa- 
tions is 70 yt/G, comparable to what we now find for the OH 
maser region and impli es a pre-shock density of 3xl0 6 crrT 3 
(IVlemmings et al.1200 6). Previously, it was thought that the H2O 
masers are likely to occur in the compressed material at the tips 
of the jet because the pre-shock density is somewhat higher than 
the expect ed value at 1000 AU from the s tar in the circumstellar 
envelope (IVlemmings & Diamond! 120061) . However, our obser- 
vations show that it is more likely that the H2O masers occur in a 
shock since the measured magnetic field of 100 |/G is more con- 
sistent with the estimated magnetic field from the shock model 

(70 /iG). 

In the H2O maser region of W43 A, IVlemmings et al.l (120061) 
concluded that the linear polarization is perpendicular to the 
magnetic field and aligned to the jet. However, at the low fre- 
quency of OH , Faraday rotation makes the derivation of the 
magnetic field configuration impossible. For a source at 2.6 kpc 
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and a typical value of the interstellar magnetic field of 1 yuG and 
a density of n e = 0.03 cirT 3 , the Faraday rotation is ~ 125 °. 
Additionally, the internal Fa raday rotations intr oduce large scat- 
tering of polarization angle dFish & Rei d 2006). Therefore, it is 
not possible to determine the absolute geometry of the magnetic 
field in the OH maser region of W43A. 
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4.4. OH maser shell expansion of W43A 

Our observations reveal that the OH and H2O masers in the CSE 
of W43A occur in two emission clusters with opposite velocity 
separations. The locations of the blue and red-shifted OH maser 
components are reversed compared with the H2O emission fea- 
tures (Fig.|4]i. 

From our MERLIN observations, we obtained an angular 
separation of 0.28+0.02 arcsec between the red and blue-shifted 
OH features. The observed velocity difference is ~ 13 km/s 
between the two emission complexes. The fact that the red 
and blue-shifted features are not coincident on the sky is not 
fully compatible with a spherically symmetric expanding shell. 
Similar observations of the OH maser shell of W43A were per- 
formed previously. The 16 12 MHz MERLIN observations by 
iDiamond & Nvmanl d 19881) on March 1981, showed an angular 
separation of 0.21+0.03 arc sec with a velocity splitting of ~ 16 
km/s between the two emission clusters. Assuming the two sets 
of observations are tracing the same sites of OH emission, the 
measured expansion is 0.07 ±0.03 arcsec in 26.5 years, which is 
equivalent to 2.67+1.37 mas/yr. Assuming spherical expansion, 
this corresponds to an expansion velocity of V exp ~ 18 km/s 
in the OH maser shell of W43A, cons istent with typical OH/IR 
expansion velocities dSevensterj|2002l) . Thus, even though the 
maser morphology indicates a spherical shell is unlikely, there 
is no strong indication for fast, non-spherical expansion of the 
OH maser region. 

5. Conclusions 

The non-spherical shape of PNe is thought to be related to out- 
flows already generated during the AGB phase. Magnetic fields 
are considered as collimating agents of the jets around evolved 
stars. The magnetic field and jet characteristics of W43A, an 
evolved star in transition to a PN, have been previously reported 
from H2O maser polarization observations. Our GBT observa- 
tions reveal a magnetic field strength B\\ changing sign from 
31 ± 8 mG to -24 ± 7 mG across the H2O masers in the red- 
shifted lobe of the W43A precessing jet. We observed the OH 
maser region of the CSE of this star and measured circular and 
linear polarization. Due to Faraday rotation, we can not deter- 
mine the magnetic field configuration in the OH maser shell. 
However, the measured circular polarization, which is attributed 
to the Zeeman effect, implies a magnetic field of 100 //G in the 
OH maser region of W43A. Our result is consistent with the 
predicted magnetic field extrapolated from the blue-shifted H2O 
maser region of W43A, and further confirms that the magnetic 
field plays an important role in the transition from a spherical 
AGB star to a non-spherical PN. 

We considered the motion and expansion of the OH maser 
region of W43A. The observed expansion is 2.67+1.37 mas/yr, 
which corresponds to an expansion velocity of ~18 km/s. While 
the significantly offset red- and blue-shifted caps of the OH 
maser shell indicates it is a-spherical, the measured OH maser 
motions do not show any signs of a clear bipolar expansion in 
the plane of the sky. 
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